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Abstract
Polyethylene oxide (PEO) films doped with lithium acetate (LiOAc) and lithium triBI
(LiOTf) were prepared by the solution cast technique. Lithium acetate was added to PEO
different weight ratios ranging from 0 wt. % to 30 wt. % whereas lithium triB'
concentration was varied from 0 wt. % to 14 wt. %. The polymer-salt solutions were cast iO
different glass containers and left to dry until the films have formed. The samples were til
characterized by electrical impedance spectroscopy (EIS) to obtain the electrical conductif
and to determine the dielectric properties of both systems. The highest room tempere''
electrical conductivity obtained for PEO-LiOAc system is 2.18 x 10-6 S cm-1 for the saJlll
containing 30 wt. % lithium acetate and 8.22 x 10-6 Scm-I for PEO-LiOTf system at 12 wt·.
concentration of lithium triflate. From the Argand plots, it was found that the relaxav1
process in PEO-LiOAc system is attributed to the viscoelastic relaxation and for PEO-LiO
system, it is due to conductivity relaxation
Keywords: polyethylene oxide, ionic conductivity, lithium salts, dielectric relaxatjl
conductivity relaxation
1. INTRODUCTION
The study of solid polymer electrolytes has
become very popular among researchers
because of its potential applications in
electrochemical devices such as re-
chargeable lithium batteries, super-
capacitors, electrochromic window and
sensors [1-4]. These polymeric electrolytes
are easy to prepare in thin film form and are
able to form effective electrode-electrolyte
contact [5]. Mo t of the tudies in polym r
electrolyte are d vot d to polyethylene
oxide (P ) and p lypr pyl n id
(PP ) u ing alkali metal alt uch
is 4, iPF6 [], i F3 i I 4 [7J,
Na N and etc []. hinter t in th
p Iymcr el tr lyt ha n wid I
tudicd in Wright n -work r [91 nd
rmand and -\\0 rkers 1101 \ r d
that p I thyl me id -, It
complexes [11-12] can support jor
conductivity. Since then, many ott
polymeric materials have been tested 9
found to exhibit ionic conductivity. PEOI
used in this work as the polymer host .
ionic conduction as it can solvate J11d
types of salt [13]. In PEO po}yJ1
electrolyte, cations of ionic salts
coordinated with the ether oxygen of pf
hanging the chemical composition '
vary the phy ical properties. Th polytl
chain motion plays a significant role ill
conduction [13].
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increase in amorphous domain of polymer
has been reported to result in conductivity
enhancement [14]. According to Kumar and
Sekhon [14], the addition of salt causes a
decrease in the degree of crystallinity of the
polymer. In other words, the addition of salt
has increased the amorphousness of the
polymer and thereby helps to increase the
conductivity. The diffraction peaks observed
at 28 angles are tending to be less intense in
complexed polymer-salt films compared to
the pure polymer films. In general, solid
polymer electrolytes have amorphous and
crystalline phases which are contributed
from polymer-salt complex domain and the
uncomplexed crystalline polymer domain
[15]. The surface of PEO-salt complexes
have spherulite structures. Pereira et al. [16]
reported that the surface morphology in
polymer blends based on PEO and starch
exhibit spherulite structures.
From impedance data, dielectric data can be
calculated. From such data, the relaxation
process viz., viscoelastic relaxation and
conductivity relaxation [17-20] can be
determined. Viscoelastic relaxation is the
relaxation of permanent dipoles present on
the side chains of the polymer backbone.
Conductivity relaxation is due to
translational diffusion of ions which results
in charge transportation.
2. EXPERIMENTAL
2.1 Sample Preparation
Polyethylene oxide (PEO) with molecular
weight 3 x 105 g morl was used as the
polymer host. 1 g of PEO and different
concentrations (wt. %) of LiOAc were
mixed in 50 ml 1% acetic acid solution. For
the PEO-LiOTf system, the solvent used
was acetonitrile. The mixtures were
continuously stirred with a magnetic stirrer
for several hours at room temperature.
When complete dissolution is achieved, the
solutions were cast into different glass
containers and left to dry at room
temperature until the films have formed.
The amounts of lithium acetate and lithium
triflate added were varied from 0 to 30 wt.
% and 0 to 14 wt. %, respectively. Above 30
wt. % and 14 wt. %, the PEO-LiOAc and
PEO-LiOTffilms cannot be peeled easily.
2.2 Impedance Spectroscopy
The impedance of the samples was
measured for both systems, with a HIOKI
3531-01 LCR Hi-tester. This bridge has
been set to measure the impedance and
phase angle from 50 Hz to 1 MHz. The
impedance measurements were performed
from room temperature (25°C) until 100°C
at 10°C regular intervals. The software
controlling the measurements also calculates
the real and imaginary impedance.
The imaginary impedance is usually
negative indicating the sample to be
capacitive. From the complex impedance
plot, the bulk resistance (Rb) can be obtained
and the electrical conductivity calculated
following the method shown in the literature
[21-23].
2.3 Dielectric Relaxation Studies
The dielectric properties at every frequency
were calculated using impedance data. The
value of real modulus (M), imaginary
modulus (M'), dielectric constant (C:) and
dielectric loss (s") were calculated from the
imaginary and real impedance data
according to
. -OJC Z"
e = (OJCJ2 [(Z')2 +(Z "Y] (1)
" jOJCc Zr
e = (OJCJ2 [(Z'Y +(Z"y] (2)
(3)
(4)
From the values calculated, Argand plots
were constructed for both systems and the
relaxation process were then determined
from the shape of the Mr-frequency plots.
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2.4 Scanning Electron Micrographs (SEM)
SEM studies were carried out to determine
the surface morphology of the samples in
both systems.
3. RESULTS AND DISCUSSION
From the impedance measurements taken at
various temperatures, the conductivity for
all samples from 25°C until 100°C was
obtained. Fig. 1 and Fig. 2 show the plots of
conductivity versus reciprocal temperature
for both systems.
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Fig. 1 Plot of conductivity (S cm') versus 1OOOIT (KI)
for PEO-LiOAc system
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Fig. 2 Plot of conductivity ( ern") ver u 1000lT
(K-1) for PEO-LiOTf y tern
~340 K for the PEO-LiOAc system. The
results are similar to that observed
Mohan et al. [5] for the pEl
NaBiF4 system. The same pattern
conductivity-temperature variation are ~
observed by Sreekanth et al. [24] and KUIl
et al. [13] in which the melting temperatll
Tm is within the same region. The increl
in conductivity with temperature for I
PEO-LiOTf system does not show such
abrupt change.
On the micros pic scale, at melV
temperature/process, there is an increase
the amorphous phase. Due to this incre3
the conductivity increased at Tm- 1
highest electrical conductivity at rol
temperature for PEO-LiOAc and pE
LiOTf systems is 2.18 x 10-6 S cm-! •
8.22 x 10-6 S em", respectively.
Dielectric analysis was carried out
determine whether relaxation process is 0
to viscoelastic relaxation or due
conductivity relaxation. Fig. 3 and Fig·
show the Argand plots for the higll
conducting sample for both systems at ref.
temperature.
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Fig. 3 Argand plot for PEO-LiOAc yst';
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Fig. 4 Argand plot for PEO-LiOTf system
According to Mohomed et al. [17], the real
and imaginary electrical modulus are related
to the relaxed modulus, M R and unrelaxed
modulus, M u via the equation
{Ai M"~MRr+(M)'~(M";MRJ (5)
If M; =0, then
MR = (M't +~M"Y
M
Substituting the values of MD and MD
obtained for every frequency into Equation
(5), then the ratio of the right hand side
(RHS) value to the left hand side (LHS)
value should be equal to one if the plot is a
perfect semicircle. Fig. 5 shows the LHS to
RHS ratio, X versus frequency.
1.2 ,----- -------------,
(6)
~ 0.6
0.4 o PEO-LiOAc system
• PEO-LiOTfsystem
0.2
O+------------.----------~
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Frequency,f(Hz)
Fig. 5 Plot of X versus frequel'lcy,f(Hz)
1.0E+06
It can be seen that the plot for the first
system, PEO-LiOAc does not show any
semicircular shape because the LHS to the
RHS ratio varies with frequency. Hence, the
dielectric relaxation IS viscoelastic
relaxation. Viscoelastic relaxation in such
ionic conductors, exhibit multiple relaxation
times [25]. For the second system, PEO-
LiOTf, X versus frequency is almost
constant and the values fluctuate about one.
This is indicative that the plot exhibits a
semicircular shape.
Fig. 6 (a) and (b) show the surface
morphology for the PEO film formed by
dissolving PEO powder in 1% acetic acid
solution and that of a PEO film formed by
dissolving PEO powder in acetonitrile,
respectively.
Fig. 6 SEM micrographs of PEa formed by
dissolving PEa in (a) 1% acetic acid and (b)
acetonitrile
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It can be observed that the shapes of the
spherulites are different. In the PEO-LiOAc,
system the spherulites have a polygon shape
and in the PEO-LiOTf system, the
spherulites have a cell type microstructure.
This is attributed to the different solubility
rate of PEO in the two solvents and also the
evaporation rate of the solvents. Existence
of pores is due to uncontrolled evaporation
of the solvents.
4. CONCLUSIONS
The polymer electrolyte PEO-LiOAc system
exhibit a distribution of relaxation times.
This is characterized by their Cole-Cole plot
(M" versus MO). For the PEO-LiOTf
system, the relaxation process is
conductivity relaxation. The type of solvent
affects the surface morphology of the
systems.
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